The object of this investigation is to study the local reaction to injury in animals in which a severe leucopenia has 'been produced experimentally. Inasmuch as the leucocytes are 'believed to play a very important part in the inflammatory process, it occurred to us that it would 'be of interest to study the inflammatory reaction under conditions in which the leucocytes could take part only to a very limited extent. The leucopenia was produced by subcutaneous injections of benzol after the method employed 'by Selling.
Benzol was first used experimentally as a leucotoxin by Selling3 It was mixed with an equal volume of olive oil, and given daily, by subcutaneous injection, in doses of 2 ce. of the mixture per kilo of body weight of the animal. In every case there was a marked decrease of leucocytes. After eight or ten daily injections the leucocyte count was usually between 500 and i,ooo per cram. In one case the count was only 200. The decrease of the polymorphonuclear leucocytes was somewhat greater than that of the lymphocytes. When the leucocyte count was very low there was always a pronounced relative lymphocytosis.
Selling found almost complete aplasia of the bone marrow in cases in which the leucocytes were greatly reduced. There was considerable destruction of the lymphoid tissue of the lymph nodes, but the injury of these organs was not nearly so severe as that of the bone marrow. He did not find an increase of leucocytes in the capillaries of the viscera. Benzol undoubtedly destroys the leucocyte-forming tissue. Selling believes that it also kills the leucocytes in the circulating blood, since their decrease is too rapid to be accounted for by natural death.
Pappenheima also studied the effects of the administration of benzol to rabbits. There was wide-spread necrosis in the liver and severe parenchymal injury of the kidney in his experiments. The leucocytes disappeared almost completely from the peripheral blood, but in some of the cases they were still very numerous in the widened capillaries of the liver, lung, spleen, and kidney. Pappenheim believes that the actual decrease of leucocytes is therefore not so great as one would think from an examination of the peripheral blood.
Pappenheim and Plesch 4 produced leucocyte-free rabbits by a single intravenous injection of thorium X. The animals lived 3 or 4 days after the injection. At the end of 48 hours they were usually leucocyte-free. The bone marrow showed only a very few leucocytes. These were pseudo-eosinophils and were scattered among the red blood ceils in between the fat ceils. The spleen and lymph nodes showed atrophy of the follicles, and increase of the connective tissue cells. The liver showed congestion of the sinusoids around the central veins, and necrosis of the parenchymal cells in these areas. Small areas of hemorrhage were found scattered throughout the spleen and liver.
In leucocyte-free animals, vitally stained with lithium carmine, Pappenheim and Fukushi 5 produced a lymphoid cell exudate by injection of tuberculin into the peritoneal cavity. The exudate cells were of the large and smalI lymphoid type and-contained carmine granules. The authors concluded that these cells were of connective tissue origin.
Lippmann and Plesch ° injected cultures of the bacillus of swine erysipelas into the pleural and peritoneal cavities of animals made leucocyte-free by administration of thorium X. In the pleural cavity they obtained only a mononuclear exudate, and hold, from the morphology of the cells, that they are derivatives of the endothelium of the pleura. In the peritoneal cavity they obtained not only the mononuclear ceils such as were found in the pleural cavity, but also some polynuclear cells. Lippmann and Plesch also found that aleuronat-bouillon suspension when injected into the muscles of an animal made leucocyte-free by thorium X, produced no cellular exudate. In the normal animals this irritant gave a pure polymorphonuclear exudate.
Rosenow 7 produced leucocyte-free dogs that lived from 2o to 48 hours, by 8 Pappenheim, A., Zur Benzolbehandlung der Leuk~imie und sonstiger Blutkrankheiten, HTien. kIin. Wchnschr., 1913, xxvi, 48 ; Experimentelle Beitriige zur neueren Leukiimietherapie, Ztschr. f. exper. Path. u. Therap., 1914, xv, 39. 4 Pappenheim, A., and Plesch, J., Experimentelle und histologische Unte~'-suchungen zur Erforschung der Wirkung des Thorium X auf den thierischen Organismus, Ztschr. f. exper. Path. u. Therap., 1912-13, xii, 95. 5 Pappenheim, A., and Fukushi, M., Neue Exsudatstudien und weitere Ausffihrungen fiber die Natur der lymphoiden peritonealen Entzfiudungszellen, Folia Haematol., 1913-14, xvii, 257 ; abstracted in Centralbl. f. ally. Path. u. path. Anat., 1914, xxv, 498. o Lippmann and Plesch, J., Studien am aleukozyt~iren Tier: ueber die Genese der "Lymphozyten" in den Exsudaten ser6ser H6hlen, Deutsch. reed. I/Vchnschr., 1913 , xxxix, 1395 Rosenow, G., Studien fiber Entziindung beim leukocytenfreien Tier, Ztschr. f. d. yes. exper. Med., 1914, iii, 42; abstracted in Centralbl. f. ally. Path. u. path. dnat., 1914, xxv, 499. means of a single intravenous injection of I:O to 2.o mg. of radium bromide. A copper wire was passed through the anterior chamber of the eye. The exudate consisted usually of fibrin masses, red blood cells, and iris stroma cells. In one case he obtained in the exudate large mononuclear cells which he believes are desquamated degenerating endothelial cells or cells of the iris stroma. Intracorneal injection of staphylococci produced an exudate of small lymphoid-like cells. Transition forms from endothelium to leucocytes were not observed. The author believes that these experiments tend to support the conception that the exudate cells in the first stages of an acute inflammation are extravasated leucocytes.
Winternitz and Hirschfelder s produced pneumonia in rabbits in which the .leucocyte count had been greatly reduced by injections of benzol. The pneumonia was produced by intratracheal inoculation with 4 or 5 cc. of a culture of virulent pneumococci. The leucocyte count at the time of the inoculation with pneumococci varied from 28o to 88o in six of the animals. The resistance of the leucopenic animals to the infection was markedly reduced. The average life of the conVrol animals after the inoculation was 5i hours; while the average life of the leucopenic animals was 20 hours. The gross appearances of the pneumonic lungs in the leucopcnic animals were the same as in the controls. " In the most highly aplastic animals .... the pneumonic exudate . . . contained the usual number of red blood cells and the usual quantities of fibrin, but only occasionally polymorphonuclear leucocytes or undifferentiated mononuclear cells."9
Materials and Methods.--In our experiments adult rabbits were injected subcutaneously with a mixture composed of equal parts of benzol and olive oil. The injections were given daily, or sometimes twice a day, where it seemed necessary in order to keep the leucocyte count low. Usually 2 cc. of the mixture (I cc. of pure benzol) per kilo of ~oody weight were given daily until the leucocyte count fell below 1,000; then smaller doses were administered. When doses smaller than 2 cc. of the mixture were given at the beginning of the experiment, the animals showed a marked loss of weight without pronounced leucopenia. With larger doses the loss in weight was not so marked, and the leucocyte decrease was more regular and rapid. The best results in our experiments were obtained by giving two or three initial doses of about 2 cc. of the mixture per kilo and increasing this 0.5 to Icc. in the succeeding doses until the count was below I,OOO. Then small doses were given to keep the count low without causing death.
The following methods were used to produce inflammation, more than one method being often employed in the same animal: (I) Croton oil was rubbed into a deep scratch on the inner surface of the ear. (2) Intramuscular injections of an aqueous suspension of carmine were given in the lumbar region. (3) Half of the ear was immersed in water at about 55 ° C. for three minutes. In all cases controls were made on normal rabbits.
Both the microscopic and gross changes were observed. The tissues were fixed in Zenker and alcohol-formalin, and sectioned in paraffin.
EXPERIMENTAL.
The decrease of the leucocyte count in our experiments, as shown by Text-figs. I to I I, corresponds to that obtained by Selling. The initial rise in the number of leucocytes per cram., as recorded in onethird of his cases, does not occur in any of our experiments. Secondary rises in the count usually occurred when a dose was omitted. As shown by the curves, the leucocyte count dropped rapidly to I,OOO, or even to 500 per cram., and remained at about this level except in a few cases where the daily dose was omitted. fig. I ). In this, as in all the text-figures, the leucocyte count is shown by a curve. The dosage of the benzol-olive oil mixture is shown in the figures. The iniections were usually made immediately after the leucocytes were counted. Reference to the curve will also show the time of application of the irritant. Croton oil was applied to the left ear, Apr. 4, 2 p. m. Death 82 hours later. No gross changes were noted until Apr. 6, 2 p. m., when the ear became slightly red and remained so until death. On microscopic examination the surface epithelium is seen to be necrotic in places. Bacteria have invaded the tissues in some places where the surface epithelium is absent. No leucocytes are present. There is no edema.
Croton oil was applied to the right ear, Apr. 6, 2 p. m. Duration 35 hours. No gross changes developed. On microscopic examination free bacteria are seen deep in the tissues where the epithelium was scratched away. There is some edema of the connective tissue. No leucocytes are present.
Carmine was injected into the left lumbar muscles, Apr. 5, 2 p.m. Death 59 hours later. There is no phagocytosis of the carmine granules. No leucocytes are present. There is no reaction on the part of the connective tissue cells.
Carmine was injected into the right lumbar muscles, Apr. 6, 2 p. m. Death 35 hours later. In some of the sections a few polymorphonuclear leucocytes are found in contact with one small area of carmine. Two or three of the cells contain carmine granules.
WCLcJ hi" t4.~Ocj .... At the point marked A, croton oil was applied to the left ear. At B, carmine was injected into the left lumbar muscles. At A', croton oil was applied to the right ear. At B', carmine was injected into the right lumbar muscles.
The solid line represents the time the animal was known to be living. The broken line represents the estimated life after the last observation. fig. 2 ). Apr. 6, 2 p. m., croton oil was applied to the left ear. Death 69 hours later. It is to be noted that the count was 3,800 at the end of the experiment. On microscopic examination the surface epithelium is absent over a small area. There is extreme congestion and rather marked edema. A few lymphocytes and large numbers of free bacteria are distributed through the edematous tissues. Croton oil was applied to the right ear on Apr. 7, 2 p.m. Death 45 hours later. No gross changes appeared. Microscopic examination was not made.
Carmine was injected into the left lumbar muscles, Apr. 6, 2 p. m. Death 69 hours later. At the site of the injection is a mass of necrotic muscle fibers surrounded by a zone of polymorphonuclear leucocytes. There are large numbers of free bacteria among the necrotic muscle fibers.
Carmine was injected into the right lumbar muscles, Apr. 7, 2 p. m. Death 45 hours later. There are a few leucocytes, mostly polymorphonuclear, on the edges of the carmine mass. Some of these con[ain carmine granules. . 6 ). On Apr. 21, 2 p. m., the right ear was immersed in water at 55 ° C. for 2.5 minutes. The ear immediately became congested and slightly thickened; 24 hours later it was very much thickened. Two or three large blebs were present. Death occurred about 35 hours after application of the heat. Microscopically edema is very marked. Some masses of fibrin are seen. No leucocytes are present. In a few places there is a little necrosig of the surface epithelium (Fig. 4) . On Apr. 22, 2 p. m., the left ear was immersed in water at 55 ° C. for 3 minutes. Only a slight reddening resulted. At 5.30 p. m. it was immersed in water at 54 ° C. for 3 minutes. The ear became slightly reddened immediately. The rabbit lived about ii hours after the first application of heat. At autopsy the ear was found very much thickened and showed blebs similar to those on the right. Microscopically there is a very marked edema. No leucocytes are present. There is considerable necrosis of the surface epithelium. (Fig. 7) .
Carmine injection in left lumbar region.
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"~. fig. 7 )-On Apr. 19, Io.4o a. m., the left ear was immersed in water at 5 °0 C. for 3 minutes. IO minutes afterwards no gross changes were to be seen. It was then immersed in water at 53 ° C. for I minute. After IO minutes the ear became reddish, thick, and heavy. 3o hours later there was marked swelling and congestion. On microscopic examination there is marked necrosis of the surface epithelium. Edema is pronounced. No leucocytes are present. The blood vessels are congested.
Carmine injection in right lumbar muscles, Apr. -fig. 8 ). Apr. 27, the left ear was immersed in water at 55 ° C. for 3 minutes. Immediately afterwards the ear became greatly congested and swollefl, in which condition it remained until death 26 hours later. On microscopic examination there is congestion of the blood vessels and marked edema. In a few places the surface epithelium is partly necrotic. No leucocytes are present.
Experiment 9.--Rabbit I (Text-fig. 9 ). May 3, at I2.45 p. m., the left ear was immersed in water at 55 ° C. for 3 minutes. 20 minutes later the ear was somewhat thicker, but was not hot or reddened. The following day some congestion and thickening were noticed. Death 44 hours after the application of heat. On microscopic examination a few areas of partly necrotic surface epithelium are seen. Moderate edema is also present. A few mononuclear leucocytes are found in the connective tissue.
Carmine injection in right lumbar muscles, 44 hours before death. On microscopic examination an occasional polymorphonuclear leucocyte is seen (5 or 6 to a section). There is no definite evidence of phagocytosis. Large numbers of bacteria are present. There is no connective tissue reaction.
Carmine injection in left lumbar muscles, 20 hours before death. Microscopic examination shows about the same as the preceding, except that there are only a few bacteria present. fig. II ). This rabbit had a large abscess in the neck about 4 cm. in diameter. Benzol was given to see whether it would destroy leucocytes in an abscess as well as those in the bone marrow and circulating blood. The animal died when the leucocyte count was 6oo. The abscess did not vary in size during the experiment. Microscopically the abscess shows a thick connective tissue wall, inside of which it is composed of polymorphonuclear leucocytes. The outer layers at least show no marked retrogressive changes. There were also small abscesses in the liver composed of polymorphonuclear leucocytes. Benzol does not, therefore, destroy leucocytes in an abscess.
In several of our experiments the bone marrow was examined microscopically. We found a complete, or almost complete, disappearance of leucocytes, as described by Selling.
The liver was examined microscopically in a few of the rabbits. Small focal necroses were found. Some of the liver cells contained fat droplets. Only an occasional leucocyte was to be found in the capillaries. We never found accumulations of leucocytes as described by Pappenheim. The leucocytes were no more numerous than the count of the peripheral blood would lead us to expect.
DISCUSSION.
Croton Oil.--When croton oil is rubbed into a needle scratch on the ear of a normal rabbit, striking gross changes are always visible before the end of the first twenty-four hours. These are usually most pronounced at the end of forty-eight hours. The ear becomes hot, reddened, and swollen. Microscopically the ear shows considerable edema and the connective tissues are densely infiltrated with polymorphonuclear leucocytes (Fig. I) .
In some of the rabbits with severe leucopenia no gross changes appeared in the ear after the application of croton oil, although the animals lived one to three days. In one instance slight congestion and swelling were present at the end of twenty-four hours. In another there was very marked congestion and swelling at the end of twenty-four hours. On microscopic examination, no leucocytes were present in any of the five experiments, except Experiment 2, which showed a few lymphocytes. In this animal, however, the leucocyte count rose to 3,8oo on the last day. Edema was very pronounced in one experiment (Fig. 4) . In every case masses of bacteria were found invading the tissues where the epithelium had been torn off by the needle. In many instances they were widely scattered through the connective tissue. The bacteria were evidently growing rapidly and meeting little or no resistance from the tissues. A comparison of Figs. I and 2 will show that the ab-sence of leucocytes is the most essential histological difference between the inflammatory reaction of a normal rabbit and one with severe leucopenia. Evidently congestion of blood vessels and edema may occur in the absence of leucocytes, but in many cases there is no reaction whatever in the leucopenic animal. There are apparently no protective bodies to prevent the entrance and growth of bacteria in the leucopenic rabbit.
Application of Heat.--When the ear of a normal rabbit is injured by an exposure in water at 55 ° C. for three minutes, it rapidly becomes congested, and greatly swollen. Microscopically one sees marked edema and congestion. The surface epithelium is necrotic in many places. A considerable number of leucocytes are present near the surface epithelium, but they are much less numerous than in croton oil ears.
In the leucopenic rabbit the application of heat usually causes immediate congestion and swelling which may become very marked before the end of the first twenty-four hours. Sometimes, however, the gross reaction is slow to appear and very slight. Microscopically no leucocytes were present in any case, except Experiment 9 which showed only a few mononuclear forms. Edema is usually very pronounced, and there is often necrosis of the surface epithelium (Fig. 4) . In the leucopenic rabbit the reaction to heat differs from the reaction in the normal animal only in the absence of leucocytes.
Carmine.--When an aqueous suspension of carmine is injected into the lumbar muscles of a normal rabbit the carmine mass soon becomes surrounded by leucocytes which are chiefly of the polymorphonuclear type (Fig. 5) . The leucocytes ingest the carmine granules, and before the end of the second day a proliferation of the adjacent connective tissue begins (Fig. 8) . In the leucopenic animals no leucocytes were found around the carmine masses except in Experiments 2 and IO. In Experiment 2 there was a terminal rise of the leucocyte count to 3,8oo, which evidently accounts for the leucocytic exudate. In Experiment Io there was a terminal rise of leucocyte count to I,OOO. This was the only instance, however, in which a leucocytic exudate appeared when the count was as low as I,ooo. There was no connective tissue proliferation around the carmine mass in any case (Figs. 6 and 7) .
Reaction to Bacteria.--Since the carmine suspension injected into the muscles was not sterilized, some bacteria were evidently introduced along with the carmine. Microscopic sections in nearly every case showed masses of bacteria through the carmine and the surrounding tissues. The large numbers of bacteria present, and their wide distribution through the tissues show clearly that there is little or no resistance to their growth. Normal animals injected in the same way never showed any bacteria around the carmine.
The croton oil ears of the leucopenic rabbits showed the same profuse bacterial growth through the connective tissues as was seen in the carmine experiments. The distribution of the bacteria in these cases indicates that they entered the tissue where the epithelium was scratched away for the application of the croton oil. The absence of bacteria in the heated ears is presumably due to the fact that the surface epithelium was not broken.
Our experiments show that in almost every instance there is no Ieucocytic exudate in rabbits with a severe leucopenia. Lippmann and Plesch produced a lymphocytic exudate in the pleura and peritoneal cavities of leucocyte-free rabbits with cultures of the bacillus of swine erysipelas, but the same irritant did not produce any leucocytic exudate when injected into the muscles. Pappenheim and Fukushi, using tuberculin, produced a lymphocytic exudate in the peritoneal cavity.
Our results are not at variance with those of the investigators cited above, since we applied the irritants to the muscle and subcutaneous tissues only.
The evident absence of antibacterial bodies in rabbits with a severe leucopenia may not be due entirely to the destruction of the leucocytes, since benzol probably has a general cytotoxic, as well as a leucotoxic action.
SUMMARY.
Congestion of blood vessels and marked edema may occur in rabbits with a severe ]eucopenia. These two phenomena are, therefore, independent of the leucocytes.
When the leucocyte count is below 1,000, croton oil and heat produce no leucocytic exudate in the tissues of the ear, and carmine produces no exudate in the muscles.
In rabbits with severe leucopenia there are apparently no antibacterial bodies present.
Benzol does not destroy the leucocytes in an abscess.
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